Background. Although aspirin therapy started before operation improves vein graft patency after coronary artery bypass grafting, it also causes bleeding. The objective of this prospective, centrally directed, randomized, double-blind, placebo-controlled trial was to compare the effects of aspirin therapy started before operation with aspirin started 6 hours after operation on early (7-10-day) graft patency.
gastric tube. Although these investigations were interpreted to demonstrate that preoperative treatment was necessary to improve vein graft patency, the importance of starting treatment before or immediately after surgery was not specifically addressed. These studies focused on vein grafts. The effect of aspirin on internal mammary artery (IMA) graft patency was not addressed.
During cardiopulmonary bypass, the pump oxygenator activates platelets and results in consequent platelet dysfunction during surgery and early in the postoperative period.6 This transient decrease in platelet function may protect grafts from early thrombosis. An alternative consequence of platelet activation by the pump oxygenator may be enhanced risk of intraoperative thrombosis. Mural thrombosis begins as soon as the first blood begins to flow through the graft, but whether this is extensive enough to make a difference in graft patency is uncertain. Thus, determining whether any preoperative treatment is required to improve vein graft or IMA patency is important for our understanding of the pathophysiology of graft occlusion.
The objective of this prospective, centrally directed, randomized, double-blind, placebo-controlled trial was to compare the effects of aspirin therapy started before operation with aspirin therapy started early after operation. Patients were randomized to receive either aspirin 325 mg or placebo the night before surgery. After operation, all patients received aspirin 325 mg daily, with the first dose administered through the nasogastric tube 6 hours after operation. Cardiac catheterization was performed an average of 1 week after surgery, and the primary end point was graft patency. We tried to determine 1) whether aspirin therapy started in the early postoperative period is as effective as aspirin started before operation with respect to patency of vein grafts 1 week after surgery and 2) whether the bleeding complications of aspirin are obviated by starting therapy 6 hours after operation. Because many of the patients receiving saphenous vein grafts also received IMA grafts, we analyzed the effects of preoperative aspirin on early IMA graft patency as well.
Methods

Study Population
This trial, organized by the Cooperative Studies Program of the Department of Veterans Affairs Medical Research Service, consisted of data from 489 male patients entered into the study at 10 participating hospitals from July 1986 to September 1988. The exclusion criteria, definition of the study population, and stratification techniques have been previously described.'
These 489 patients represent 20% of all the patients undergoing elective CABG at these institutions during the study period. Of the 823 patients eligible according to the protocol, 489 (59%) patients consented and were enrolled. Of the 2,471 patients undergoing CABG at the 10 institutions, the predom-inant reasons for eliminating 1,982 patients were emergency operations and scheduling problems that precluded the administration of study medications before operation, refusal to participate, other diseases requiring the long-term use of aspirin or other prostaglandin inhibitors, previous CABG, and need for concomitant valve replacement.
Treatment Regimens
To be eligible for the study, patients were required to be off of aspirin therapy a minimum of 5 days before operation. The randomization was carried out for preoperative aspirin or placebo with either aspirin 325 mg administered as a single dose 12 hours before operation or placebo. All patients were given aspirin after operation, with the first dose of aspirin (325 mg) administered 6 hours after operation through a nasogastric tube, which was clamped for 1.5 hours. Therapy was continued by nasogastric tube until regular oral administration could be substituted. The aspirin and matching placebo were provided by Glenbrook Laboratories, New York. All medications were provided in individualized patient kits. Surgery CABG was performed by the usual protocol for each of the study institutions. The decision to use the IMA or saphenous vein as a conduit was made by the attending surgeon. If the surgeon decided before operation to use only IMA grafts in certain patients, these patients were not randomized because the primary objective of the study was to assess the effect of starting aspirin 6 hours after surgery on the early patency of saphenous vein grafts. However, because many patients received both saphenous vein grafts and IMA grafts, we were able to determine the effect of early postoperative aspirin on IMA graft patency. The saphenous vein and IMA grafts were included in separate analyses.
Although no attempt was made to establish a uniform technique for performing surgery, those institutions chosen to participate in the study were selected on the basis of experience and competence as documented by yearly statistics compiled by the Department of Veterans Affairs Central Office. Detailed data forms covering technical aspects of the perfusion, cardioplegic solutions, time of operation, arrest period, technical considerations regarding vessel and graft size, postoperative support, and bleeding were maintained for each patient.
Angiographic Analysis
The angiographic analysis used in this study was identical to that in our earlier trial.12 Briefly, the left IMA and each aortic anastomosis were selectively engaged and injected. If the status of a vein graft could not be determined by graft or stump injection, aortic root angiography was performed. Selective angiography of the native coronary arteries was performed only when a graft was occluded. All angiograms were interpreted at both the participating institution and the central angiographic laboratory. The data from the central angiographic laboratory were used for this report. At the central angiographic laboratory, each angiogram was interpreted independently by two cardiovascular radiologists unaware of the patients' treatment regimen. The analysis was performed with a system developed for this study, which included a projector and high-resolution television camera (Vanguard Instrument Corp., Melville, N.Y.) to record the images. The images were digitized, and the information was entered into an integrated image processor-computer system. Images were then redisplayed on the integrated memory plane; absolute measurements were made, and stenoses were calculated for all vessels 1 mm or greater in diameter. The number, type, and size of all grafts were recorded using an interactive computer program. Images of the cineframes, with the measurements superimposed, were filmed for storage in hard copy format. The angiographic analysis used in this study was prospective. The size of the distal vessel was analyzed by measuring the lumen of the vessel from the cinefilm. To determine the absolute lumen diameter of the distal vessel, the diameter of the catheter was measured. The appropriate magnification factor was calculated by knowing the actual diameter of the catheter. Actual vessel size was reported with this correction factor.
A single vein or IMA graft was defined as patent when the origin was visualized and when contrast material opacified the graft and the distal vessel, either by selective injection or by aortic root angiography. When analyzing sequential or Y vein grafts, a distal anastomosis (either side to side or end to side) was defined as patent when the contrast material was seen to flow from the vein graft into the grafted artery. If the graft was occluded at its origin, all associated distal anastomoses were considered occluded. If one distal anastomosis of a Y or sequential vein graft was occluded, that site was defined as an occluded graft. When there was a difference of opinion regarding patency, the films were reviewed, and a consensus opinion was reported.
Statistical Analysis
Data are presented as mean-+±SD unless otherwise specified. Comparability of treatment groups was tested with the x2 statistic on qualitative variables. Quantitative variables were evaluated with the Student's t test for normally distributed data and the Wilcoxon's rank-sum test for non-normally distributed data. The patency data for saphenous vein grafts were analyzed in two ways: 1) comparison of grafts that were occluded, assuming grafts to be dependent and 2) comparison of the proportion of patients with one or more occluded grafts. Because our previous data showed that there was a dependency of graft patency among individual patients, a cluster sampling approach was used to define the variance for the first type of analysis.1,7
Results
Patient Data
Of the 489 patients entered into the study, catheterization was not performed in 121 patients because of patient refusal in 85, death in 13, and other medical problems in 19. Catheterization was deferred in four patients secondary to technical difficulties. The remaining 368 (75%) patients underwent the postoperative catheterization. This report contains the data on 351 of 489 (72%) patients with vein grafts who underwent catheterization within 60 days of surgery and whose data were available in the central angiographic laboratory. Seventeen of these patients were not included in the primary results of this report because nine of the angiograms were obtained later than 60 days after surgery, the data on two patients were not available in the central laboratory, and six patients ultimately received only an IMA graft at surgery even though the decision was originally made before randomization to use at least one saphenous vein graft. The angiographic data on these six individuals are included only in the IMA analyses. The median time from surgery to catheterization was 8 days with a range of 4 to 58 days for the 351 patients in this report. Eighty-seven percent of the catheterizations were performed within 21 days after surgery.
The baseline clinical characteristics for the patients having at least one saphenous vein graft are shown in Table 1 . There were no differences between the treatment groups for any of the clinical characteristics. Similarly, when clinical characteristics for the subset of patients with IMA grafts were analyzed (Table 2 ), no differences between treatment groups were observed. Only one difference in clinical characteristics was observed when patients who underwent the postoperative catheterization were compared with those who did not. The patients who had angiography were 60±8 years of age compared with 62±8 years of age for those who did not (p-0.025).
Vein Graft Occlusion Data
The vein graft occlusion rates for the two treatment groups are shown in Table 3 . There were 659 single, 184 sequential, and 65 Y grafts.
The vein graft occlusion rate for the distal anastomoses in the aspirin group was 7.4+1.3% compared with 7.8+1.5% in the placebo group (p=0.871, with a 95% confidence interval of -3.6% to 4.2%). When patients and not grafts were considered as the units of observation, 17.0% of the patients in the aspirin group had one or more occluded grafts compared with 15.4% in the placebo group (p=0.682).
There were no differences in patency rates between aspirin and placebo regimens when comparisons were based on type of vein graft or location (Table 3 ). It is also important to note that there were no differences in patency rates to the left anterior descending coronary artery. The only subset in which there was a trend toward a benefit from aspirin was in There were no differences between the two treatment groups for any of these variables. Y grafts in which the occlusion rate was 0.0% (0 of 22) in the aspirin group compared with 7.0±3.6% (three of 43) in the placebo group (p=0.066).
Prospective stratification for the size of the recipient vessel did not affect the outcome (Table 3 ). For example, there were no differences in patency in the vein grafts to distal vessels less than or equal to 1.5 mm in diameter (183 grafts), with an occlusion rate of 24.7% in the aspirin group compared with 27.6% for placebo (p=0.709). Similar results were seen in vein grafts to distal vessels less than or equal to 2.0 mm in diameter (406 grafts), with an occlusion rate of 15.6% for the aspirin group compared with 15.0% for placebo There were no differences between the two treatment groups for any of these variables.
(p=0.870). There were no differences in the results when the diameter of the recipient vessel was greater than 1.5 mm in diameter (725 grafts), with an occlusion rate of 3.5% for the aspirin group compared with 2.3% for placebo (p=0.333). The results were similar in vessels greater than 2.0 mm in diameter (502), with an occlusion rate of 1.5% for the aspirin group compared with 1.3% for placebo (p=0.815).
IMA Graft Occlusion Data
The occlusion rates for the two treatment groups for all IMA grafts are shown in Table 4 . The IMA occlusion rate in the aspirin group was 0.0% (0 of 131) compared with 2.4±1.4% (three of 125) in the placebo group (p=0.081, with a 95% confidence interval of -0.3% to 5.1%). After only single IMA grafts to the left anterior descending coronary artery were considered, the occlusion rate in the aspirin group was 0.0% (0 of 116) compared with 2.8+1.6% (three of 108) in the placebo group (p=0.110). Moreover, prospective stratification for vessel size revealed that there was no significant difference with aspirin in the vessels less than or equal to 2.0 mm in diameter.
Surgical Data
There were no differences in median operative time (261 compared with 260 minutes, p=0.646) or median cardiopulmonary bypass time (111 compared with 107 minutes, p=0.442) between the aspirin and placebo groups. Within the first 6 hours after surgery, the median chest tube drainage in the aspirin group was 500 ml (lower 5%, 155 ml; upper 5%, 1,899 ml) compared with 448 ml (lower 5%, 115 ml; upper 5%, 1,576 ml) in the placebo group (p=0.011). Within the first 35 hours after surgery, the median value for chest tube drainage in the aspirin group was 1,150 ml (lower 5%, 499 ml; upper 5%, 3,182 ml) compared with 1,045 ml (lower 5%, 331 ml; upper 5%, 2,736 ml) with placebo (p=0.148). The patients in the aspirin group received more transfusions (median, 900 compared with 725 ml, p=0.006). In the patients receiving aspirin, 42+3% received platelet transfusions compared with 33±3% of the patients who received placebo (p=0.043). There were no differences in fresh frozen plasma replacement between the aspirin and placebo groups; that is, 55+±3% of the aspirin group received fresh frozen plasma compared with 50+3% of the placebo group (p=0.283). Preoperative aspirin increased the reoperation rate for bleeding at a rate of 6.3±1.6% compared with a rate of 2.4±1.0% with placebo (p=0.036). Operative mortality was 2.7% with no difference between groups.
Complications ofAngiography
There were no reports of bleeding at the catheterization site, ventricular fibrillation, myocardial infarction, cerebral vascular accident, or death during the postoperative catheterization. The only significant complications were an occluded femoral artery after catheterization that required thrombectomy, an asymptomatic localized subintimal aortic dissection secondary to catheter trauma that required no treatment, and an allergic reaction to protamine in two patients.
Discussion
This study demonstrates that when aspirin is given 6 hours after operation, treatment with preoperative aspirin offers no additional benefit, regardless of the size of the distal vessel. Importantly, preoperative aspirin is associated with increased chest tube drainage within 6 hours after operation, increased transfusions, and increased rate of reoperation for bleeding.
Although it was not the primary objective of the study, we had the opportunity to assess the effect of preoperative aspirin on the early patency of IMA grafts. Preoperative aspirin results in a trend, although not significant, toward improvement in IMA patency. This trend may be expected, however, because when the IMA is used there is less damage to the arterial wall and, therefore, only minimal platelet deposition that potentially places these grafts at lower risk than saphenous vein grafts for thrombus formation.8 It is important to emphasize that these data should be interpreted cautiously because they represent a secondary analysis for which the study was not originally designed. This study is the first controlled clinical trial to compare preoperative with postoperative aspirin with respect to IMA and vein graft patency and bleeding after CABG. Previous studies established that vein graft patency is improved when antiplatelet therapy is started before operation.1-5 Indeed, metaanalysis reveals that there is an inverse relation between postoperative vein graft patency and the number of days after operation before starting treatment; that is, the earlier the treatment, the greater the effects on patency.9 The previous studies have been interpreted to indicate that the greatest benefit is achieved when treatment is begun before surgery, thereby ensuring that the antiplatelet effects of the treatment are present during the operation.
The vein graft patency rates in the present study are similar to data we and other investigators reported previously with either preoperative aspirin or dipyridamole.1,4 In a group of patients studied under a separate protocol, we observed an increased rate of reoperation for bleeding and increased transfusions that were related to preoperative aspirin.1 In that study, we found an increased 35-hour chest tube drainage after CABG in patients receiving aspirin before operation. One explanation of why we did not find a similar difference in the present study may be that the preoperative placebo group in this trial received aspirin 6 hours after surgery, whereas the placebo group in the previous trial continued on placebo after surgery. Even this relatively late administration of aspirin may possibly increase postoperative bleeding if hemostasis is not complete. The more frequent use of the IMA as a graft in the present study may be another explanation for the increased chest tube drainage, particularly in the group not receiving preoperative aspirin.
The therapeutic recommendations from this study are clear. The administration of preoperative aspirin results in no significant improvement in either saphen-ous vein or IMA graft patency. Moreover, by avoiding preoperative aspirin, it is possible to eliminate potential bleeding complications. Although the appropriate duration of aspirin treatment has not yet been established, we recommend that aspirin (325 mg daily) be continued for 1 year because our study group has previously shown that aspirin improves vein graft patency to native vessels less than 2.0 mm in diameter for at least 1 year after surgery.2 A 3-year follow-up study is currently underway to determine the efficacy of aspirin on longterm vein graft and IMA patency.
